Abstract--The neural mechanisms by which emotional and cognitive processing interact are unknown. Evidence from animal studies and neurological patients suggests that regions of the ventral striatum and orbitofrontal cortex, together with limbic structures such as the amygdala, are critical to such interactions. We used positron emission tomography to study the neural systems engaged by processing performance feedback under two conditions involving either a complex cognitive or a matched guessing task. The main activations associated with the processing of performance feedback under different task conditions involved foci in the medial caudate nucleus and the ventromedial orbitofrontal cortex. A differential modulation of these activations as a function of task type was observed. In particular the orbitofrontal activation associated with the presence of feedback was only seen in the guessing task. These data suggest that the ventral striatum and orbitofrontal cortex are involved in processing of feedback information, findings consistent with animal and neurological studies. We propose that differential activation associated with guessing compared to planning suggests enhanced neural processing of feedback when the outcome of a task is uncontrollable or when information must be assimilated across a number of trials to assess performance. (C: 1997 Elsevier Science Ltd Key Words: PET-reward; orbitofrontal cortex; ventral striatum.
Introduction
In many laboratory tests of cognition, subjects are given feedback information evaluating their performance. Cognitive performance is therefore confounded by emotive and evaluative processes involved in responding to this feedback. The laboratory situation provides a simplistic model for real life where behaviour is susceptible to extrinsic or intrinsic reward or the avoidance of punishment. The impact of even abstract forms of reward is amply demonstrated by the popularity of computer games; players strive for 'success' in spite of the absence of external consequences of high performance levels.
Functional imaging studies of cognitive activation have almost invariably failed to focus on emotive and evaluative aspects of cognition, confining themselves to a determination of the neural correlates of cognitive processes and subprocesses. There have been studies concentrating on specific emotional processing; for example processing of and memory for emotional pictures [19, 10] or processing of facial expressions [15, 22] . However, in the context of neuroimaging few studies have addressed the influence of evaluative or emotive processes on cognitive performance in normal subjects. One aspect which has been studied is the controllability of a cognitive task. Schneider et al.
[26] studied regional cerebral blood flow (rCBF) associated with solvable and insoluble anagrams and found reciprocal diencephalic and limbic activations. This study in effect considered implicit failure on a complex task. Our study aimed to address success and failure more explicitly by manipulating the level of performance feedback on a cognitive task. Feedback can be used to guide and monitor performance, with subjects adjusting their approach to the task in the light of feedback information. However, there is also a more purely emotional influence of feedback due to the motivational consequences of success and failure.
The neural substrates of reward and punishment have been widely studied in experimental animals. Various brain regions have been associated with different aspects of this type of feedback processing. The amygdala has been shown to be involved in the association of stimuli with primary and secondary reinforcers in reward-related learning tasks [13, 14] . The amygdala has strong ana-
